


















ム粒子₇ Li）が発生し細胞殺傷効果をもたらす（図 ₁ ）．
 山本哲哉，横浜市金沢区福浦 ₃ ⊖ ₉ （〒₂₃₆⊖₀₀₀₄）横浜市立大学大学院医学研究科　脳神経外科学
 新任教授の御研究を紹介する総説です．
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単位は barn at ₂₂₀₀ms- ₁  （ ₁  barn = ₁₀-₂₄cm ₂）； *（n, γ）でのσを示す．


























（図 ₄  ，₅ ）₇ ）．したがって，ホウ素線量をエックス線等
価な線量として用いる場合には，粒子線の生物学的効果
比と薬剤のホウ素₁₀B微小分布特性を加味した（Compound 










一定の熱中性子照射条件で，異なるホウ素キャリアー（Boric acid ■ , 
BSH ● , BPA ▲ , STA-BX₉₀₀□ , STA-BX₉₀₉○ , STA-BX₉₂₉△）による
V₇₉細胞の生存曲線を比較．₄₀μ g/g の条件下での生存率の違いは最大 ₂  
log kill となっている．この違いは薬剤の微小分布による．





ホウ素線量 ₁₀B （n,α） ₇ Li
速中性子線量 ₁ H （n, n＇） p
窒素線量 ₁₄N （n, p） ₁₄C





















































在の日本原子力機構）の JRR- ₄ でおこなった臨床試験で
は，₁₅例の膠芽腫患者が治療され，後半の ₈ 例で低用量
BPA（₂₅₀mg/kg）が ₅ g BSH/kgと併用で用いられた．こ
の ₈ 例では，標準放射線治療で用いられる領域（拡大局
所）に₃₀GyのX線分割照射が併用された．この群のOS
は₂₇．₁ヶ月，PFSは₁₁．₉ヶ月，また ₁ 年および ₂ 年生存
率は₈₇．₅と₆₂．₅%であり，BNCTの臨床試験としては最
も良好な結果となっている．₁₅例中 ₄ 例で放射線壊死を
認めたが，これら ₄ 例の生存期間の中央値は₄₃．₄ヶ月 
（₁₅．₁－₇₆．₀）である．₁名は現在も生存し通常の生活を
図 ₅ で使用した各ホウ素キャリアーにおける D ₀ 値，CBE，CF の比較．
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NRI Rez, Phase I ₅  < （₂₀₀₁-） BSH:₁₀₀ mg/kg,
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BORON NEUTRON CAPTURE THERAPY FOR GLIOBLASTOMA
Tetsuya Yamamoto
Department of Neurosurgery, Graduate School of Medical Sciences 
and School of Medicine, Yokohama City University
　Boron neutron capture therapy (BNCT) is a unique method that can deliver tumor cell-selective high-linear energy 
transfer (LET) particle radiotherapy to a tumor mass and microscopic invasion while avoiding radiation damage to 
the surrounding normal brain tissue. The rationale of BNCT is based on the nuclear interaction of ₁₀B with thermal 
neutrons with the release of high LET α and ₇Li particles through the boron neutron capture reaction, ₁₀B(n, α) ₇Li. 
The very short path length (< ₉ μm) of α-particles and ₇Li enables high-LET irradiation of tumor cells without 
undesirable damage to ₁₀B-unloaded normal cells. 
　Eight non-randomized prospective external beam BNCT trials for glioblastoma (GBM) have been performed over 
the past years using two available boron drugs and neutron beams at the nuclear reactor. The reported median time 
to progression and the median survival time (MST) were ₆-₁₂ months and ₁₂-₂₇ months, respectively. In the Tsukuba 
BNCT trial, clinical results of BNCT for newly diagnosed GBM including ₇ patients who received intraoperative 
BNCT (protocol-₁) and ₈ patients who received external beam BNCT (protocol-₂) were reported. BSH (₅ g/body) 
was administered intravenously. Additionally, BPA (₂₅₀ mg/kg) was given in protocol-₂. The external beam BNCT 
was combined with fractionated photon irradiation. Four of ₁₅ patients were alive at analysis with a mean follow-up 
time of ₂₃.₀ months from diagnosis. Twelve of the ₁₅ patients were followed up for more than one year, and ₁₀ 
(₈₃.₃%) of the ₁₂ patients maintained their Karnofsky Performance Status (KPS; ₉₀ in ₈ and ₁₀₀ in ₂) at ₁₂ months. 
The median overall survival and time to progression (TTP) for all patients were ₂₅.₇ months and ₁₁.₉ months, 
respectively. There was no difference in TTP between protocol-₁ (₁₂.₀ months) and protocol-₂ (₁₁.₉ months). The 
₁- and ₂-year survival rates were ₈₀.₀% and ₅₃.₃%, respectively. Three protocol-₁ patients and one protocol-₂ 
patient suffered transient orbital swelling accompanied by double vision (Grade ₂); ₁ of the ₃ protocol-₁ patients 
developed post-epileptic brain swelling (Grade ₄) requiring surgical intervention. 
　Although reactor-based BNCT has limitations, such as legal control, machine time, medical safety, and 
transportation of patients, development of accelerator-based neutron sources has begun to solve the problems. 
Clinical trials using the accelerator-based neutron sources, role in multidisciplinary treatments, fundamental aspects 
in radiation biology for BNCT, and requirements for a new boron compound will be discussed.

